Background: Esophageal cancer (EC) is the eighth most common cancer worldwide. A worldwide-established consensus on therapeutic pathways for EC is still missing. Debate exists on whether neoadjuvant and adjuvant treatment regimens improve the prognosis and which surgical approach reaches objective benefits. Summary: This article discusses the appropriate option of the current different curative treatments in patients with EC, including surgical treatment and adjuvant therapy. Key Message: To maximize survival and quality of life and also decrease postoperative complications, the present recommended therapeutic management of EC should be individualized multidisciplinary team approaches according to patients' staging and physiologic reserve. Practical Implications: The aim of this article is to provide a decision support and also a discussion based on clinical therapeutic strategy in order to characterize the beneficial approach which reaches an optimal balance between radical resection, postoperative outcome and long-term survival of EC.
Introduction
Esophageal cancer (EC), including squamous cell carcinoma (SCC) and adenocarcinoma (AC), is the eighth most common cancer worldwide. It affects more than 450,000 people worldwide and the incidence is increasing rapidly [1] . It is the sixth leading cause of cancer-related mortality because of the aggressive nature and poor survival rate [2, 3] . According to data from surveillance, epidemiology and end results throughout the last 30 years, 5-year survival rates for EC have improved poorly from 5% between 1975 and 1977 to 19% between 2001 and 2008 [4] . The treatment of EC has been debated controversially over the past decades. Current clinical therapeutic management for EC is individualized according to the patient's disease staging, histology and physiologic reserve. The outcome of patients might be influenced by different approaches. A worldwide-established consensus on therapeutic pathways is still missing. Debate exists on whether neoadjuvant and adjuvant treatment regimens improve the prognosis and which surgical approach reaches objective benefits [5, 6] .
This article discusses the appropriate option of the current different curative treatment in patients with EC. The aim of this article is to provide a decision support and also a discussion based on clinical therapeutic strategy in order to characterize the beneficial approach which reaches an optimal balance between radical resection, postoperative outcome and long-term survival.
Endoscopic Treatment
Early esophageal cancer (EEC) involving the epithelium or the lamina propria is a candidate for endoscopic therapies including endoscopic mucosal resection and endoscopic submucosal dissection, because nominal lymph node metastasis has been reported in EEC confined to these layers [7] . Staging (TNM) must be confirmed before endoscopic therapy is started. Depth of invasion and other tumor characteristics, such as length, differentiation and angiolymphatic invasion, should be assessed in addition to nodal (N) and metastatic (M) status [1] . For EEC invading the muscularis mucosa, the lymph node metastasis rate is reported as 9%, and for cancer with minute submucosal invasion the rate increases to 19% [8] . Therefore, for patients unwilling to undergo esophagectomy or for patients with severe comorbidity, endoscopic treatment may be a first choice in muscularis mucosa or slightly submucosal invasive cancer [9] .
Ell et al. [10] used endoscopic mucosal resection and photodynamic therapy to treat 100 highly selected patients who had T1 intramucosal cancer and reported an estimated 3-year survival of 98%. These results are encouraging, but the resection margins were positive in around one third of patients, and recurrent or metachronous lesions were detected in 11% of patients during a median follow-up of 33 months. In a study of resection of T1 tumors, multifocal neoplasia, angiolymphatic invasion or nodal metastases were frequently noted irrespective of tumor depth, which led the authors to conclude that endoscopic therapies should be reserved for high-risk patients [11] . EEC spreading to more than three quarters of circumference of the esophagus are not absolutely indicated even if the invasion depth is limited to the epithelium or lamina propria [7] . Although such lesions can be removed endoscopically, there are concerns of complications including postprocedural stricture [12] [13] [14] . Further work is required to define the role of endoscopic therapies with curative intent for EC.
Surgical Treatment
Resection Surgical resection has been the gold standard for localized EC for decades. However, due to a poor 5-year survival rate, which is approximately 36% in patients undergoing esophagectomy, numerous clinical trials have investigated the role of multimodality therapy [15] [16] [17] . Surgical options for resection of esophageal carcinoma include transhiatal esophagectomy and transthoracic approaches, such as Ivor Lewis esophagectomy (abdominal and right thoracic approach, also called Lewis-Tanner esophagectomy), the three-incision modified McKeown esophagectomy that involves laparotomy, right thoracotomy and neck anastomosis, and left thoracotomy or a left thoracoabdominal approach [18] [19] [20] [21] [22] [23] [24] [25] . The choice of surgical approach depends on location of the tumor and preference of the surgeon. All the procedures are complex and, therefore, treatment in high-volume centers with experienced surgeons and the availability of critical care support is associated with improved outcomes [26, 27] . Furthermore, in junctional ACs -the 'true' cardia carcinomas -several surgical techniques are coexisting. Since the seventh edition of the American Joint Committee on Cancer/ International Union Against Cancer (AJCC/UICC) redefined the junctional ACs in 2009, a retrospective evaluation of surgical outcomes after both procedures becomes even more difficult [28, 29] . Additional debate exists on the extension of lymphadenectomy (two vs. three fields), localization of the anastomosis (high intrathoracic vs. cervical) and hand versus stapler anastomoses.
There has been much recent debate regarding the best surgical procedure to treat EC, in particular with respect to the optimum extent of lymphadenectomy to improve survival while minimizing morbidity. Lymphadenectomy deserves to be given particular consideration in esophageal surgery. Cancer of the esophagus is a very lethal disease with a high case fatality ratio, and the opportunity to cure a patient is highly dependent on lymph node spread and its complete removal [30] .
Lymph Node Dissection
Lymph node status is one of the most important prognostic factors for EC. It has already been established that lymph node metastasis from EC may occur at an early stage and skip to nodes far away from the primary tumor [30] [31] [32] . Upon presentation with dysphagia, over 70% of patients will already have lymph node metastasis. Of those who survive surgery, 80% will eventually die from tumor recurrence; at least 40% of these are due to recurrence in lymph nodes [33, 34] . Theoretically, if all the involved regional nodes could be completely removed along with the tumor itself, the chance of cure would be increased and the risk of early locoregional recurrence reduced significantly.
Three-field lymphadenectomy (abdomen, chest and neck) is mainly practiced in Asia where esophageal SCC predominates [35] . In Europe and the USA where esophageal AC is common, this approach has few proponents and two-field lymphadenectomy in the abdomen and chest is more commonly used [22, 35] . Kato et al. [32] compared long-term survival between two groups with two-and three-field dissection. It was concluded that the survival rate was significantly better in patients with extensive three-field dissection than two-field dissection. Esophagectomy with three-field lymph node dissection can be performed with a low mortality and reasonable morbidity. An excellent overall survival suggests a superiority of three-field lymphadenectomy when performed at experienced centers [36] . Altorki et al. [22] reported that unsuspected metastases to the recurrent laryngeal and/or cervical nodes are present in 36% of patients regardless of cell type or location within the esophagus. 30% of patients were upstaged, mainly from stage III to stage IV. An overall 5-year survival rate of 51% suggests a true survival benefit beyond that achieved solely on the basis of stage migration [35] .
However, a number of studies indicated that extended three-field lymphadenectomy was associated with a marked increase in recurrent nerve injuries varying between 15% and even as much as 70% [37, 38] . As a result, surgeons in the Western world remained reluctant to apply such extensive lymph node dissection, especially in a population in whom AC rather than SCC has become the predominant tumor type. Moreover, in the Western world, patients with tumors located above the level of the tracheal bifurcation are usually submitted to multimodality therapy, i.e. induction chemo-and/or radiotherapy followed by surgery. Therefore, data on three-field lymphadenectomy coming from Western centers are scarce. Lerut et al. [39] analyzed a series of 174 patients who underwent three-field lymphadenectomy. 23% of the patients with AC (25.8% distal third and 17.6% gastroesophageal junction) and 25% of the patients with SCC (26.2% middle third) had positive cervical nodes resulting in a change of pTNM staging specifically related to the unforeseen cervical lymph node involvement in 12%. Cervical lymph node involvement was unforeseen in 75.6% of patients with cervical nodes at pathologic examinations. Five-year survival for patients with positive cervical nodes was 27.7% for middle third SCC. For distal third ACs, 4-year survival was 35.7% and 5-year survival 11.9%. A 5-year survival of 27.2% in patients with positive cervical nodes in middle third carcinomas indicates that these nodes should be considered as regional (N1) rather than distant metastasis (M1b) in middle third carcinomas. These patients seem to benefit from three-field lymphadenectomy. The role of three-field lymphadenectomy in distal third AC remains investigational.
Although there is now less doubt about the benefits of extended lymph node dissection, the optimal extent of dissection has always been controversial [40] [41] [42] . The greater the extent of dissection, the better the prognosis and local control might be, but the higher would be the surgical risks. In fact, complications directly related to surgical maneuvers, such as recurrent nerve palsy and anastomotic leakage, are far more common after three-field dissection than after two-field dissection [41] . All these have become major obstacles to an even wider application of extended nodal dissection. Therefore, a reasonable selection of dissection extent so as to diminish the surgical risks while still assuring the completeness of resection is the key to the problem. Attempts have already been made in several ways to pursue selective approaches in three-field lymphadenectomy. Early superficial cancers confined to the mucosa seldom metastasize to cervical nodes, and thus could be exempted from cervical dissection [43] [44] [45] . Fang et al. [46] proposed selective neck dissection based on cervical ultrasonography because the sensitivity and accuracy of ultrasonography for impalpable cervical lymphadenopathy could be as high as 80-90%. The yield of metastatic cervical nodes (19.5%) was in the same range as in the series of Tachimori et al. [47] (22.9%) where all patients received neck dissection irrespective of the result of ultrasonography.
Minimally Invasive Esophagectomy
Esophagectomy is a highly invasive surgery and thus is associated with significant morbidity and mortality [48, 49] . Because of the potential advantages, including avoiding thoracotomy and laparotomy and reducing the rate of pulmonary infections (thus reducing inpatient stay), Cuschieri et al. [50] in 1992 reported the first series of five patients who underwent thoracoscopic mobilization of the thoracic esophagus. Akaishi et al. [51] described the results of thoracoscopic en bloc esophagectomy with radical mediastinal lymphadenectomy in Japan in 1996. Watson et al. [52] reported totally endoscopic Ivor Lewis esophagectomy in 1999. Nguyen et al. [53] described the combined laparoscopic and thoracoscopic approach to esophagectomy in the same year. Kernstine et al. [54] reported robot-assisted thoracoscopic esophagectomy in 2004. Up to now, several different approaches and patient positions for thoracoscopic esophagectomy have been reported. At present, more and more centers accept the semi-prone or prone position. The mediastinal view can be maintained by gravity in the prone position. Low-pressure carbon dioxide insufflation depresses the right lung anteriorly, maximizing exposure of the intrathoracic esophagus [55, 56] . Minimally invasive esophagectomy (MIE) was introduced into clinical practice in Taiwan in 1992 at the same time as in Western countries. MIE was gradually implemented and is now a commonplace procedure in the People's Republic of China [57] [58] [59] [60] . Surgical approaches for MIE performed by Chinese cardiothoracic surgeons are multiple and complicated. The majority of centers use mainly total MIE (laparoscopic and thoracoscopic esophagectomy), whereas hybrid MIE (thoracoscopy and laparotomy/laparoscopy and thoracotomy) is used in routine practice in some centers. At our center, we originally used minimally invasive modified McKeown three-incision total MIE (laparoscopic and thoracoscopic esophagectomy) with three-field lymphadenectomy in 2009.
Minimally invasive surgery using the laparoscopic or thoracoscopic approach has been developed for various abdominal and thoracic procedures to minimize both surgical injury and invasiveness [61] [62] [63] . Minimally invasive approaches have also been incorporated into EC surgery in an attempt to improve postoperative outcomes of esophagectomy. Several MIE techniques have been described and represent safe alternatives for the surgical management of EC in centers with high volume and surgeons experienced in MIE. MIE has also been associated with less blood loss, less postoperative pain and shorter length of stay in the intensive care unit and hospital [64] . Luketich et al. [65] reviewed more than 1,000 patients treated with minimally invasive surgery for EC. The authors were able to show that the minimally invasive approach is technically high-demanding but feasible with an acceptable oncologic quality. Furthermore, reduced recurrent laryngeal nerve injury and mortality rates were revealed. There are little survival data available for MIE in China. Feng et al. [66] reported median survivals of 34.4 and 36.8 months for patients with EC after thoracoscope-assisted transthoracic esophagectomy and mediastinoscope-assisted transhiatal esophagectomy, respectively.
Up to now, total MIE using a combined thoracoscopic and laparoscopic approach can be performed safely, although the benefits for short-term outcomes are still controversial. Apart from favorable oncologic outcomes, MIE may have an advantage over open esophagectomy in lymph node dissection. However, the benefits of MIE still need to be confirmed by randomized controlled trials.
Non-Surgical Treatment
Neoadjuvant Therapy Despite the optimization of surgical treatment and the formation of high-volume centers, the outcome following resection for EC remains unsatisfactory [67] . Therefore, preoperative (neoadjuvant) therapy has been established in order to tackle systemic disease as early as possible in the course of treatment and to shrink tumors in order to improve their resectability. Meanwhile, neoadjuvant chemotherapy and neoadjuvant chemoradiation have demonstrated a proven benefit for EC and can be recommended in patients in locally advanced stages [5, 68] . Six fully published studies and one Cochrane review on published and unpublished studies have been performed to prove the benefit of neoadjuvant radiation without chemotherapy in resectable EC. Two studies reported a worse outcome in patients who had received neoadjuvant radiation. A Cochrane review on 1,147 patients, presenting mostly data on esophageal SCC patients who were randomized to neoadjuvant radiation or esophagectomy alone, concludes that neoadjuvant radiation led to a relative risk reduction for the endpoint death of 11% with a hazard ratio of 0.89 and a 95% confidence interval of 0.78-1.01. The absolute survival difference was 2% after 2 years and 4% after 5 years. This meta-analysis revealed a trend toward improved 5-year overall survival but failed to show a statistically significant survival advantage [69] . Neoadjuvant radiation alone followed by surgery is therefore not a recommended approach to treat EC.
Two large studies included patients with esophageal SCC and esophageal AC while some smaller studies focused on either of these two histologic subtypes [16, 70] . Newer studies focusing on patients with esophageal AC show a significant survival benefit for patients undergoing neoadjuvant chemotherapy with cisplatin and 5-fluorouracil for 6-8 weeks [71] . A recently published meta-analysis of 2,062 patients who were randomly assigned to receive neoadjuvant chemotherapy or surgery alone showed no statistical significance for patients with esophageal SCC [53] . The effectiveness is unsatisfactory in patients with esophageal SCC, while in patients with esophageal AC neoadjuvant chemotherapy leads to a significant and clinically meaningful survival improvement without compromising the safety of surgical resection.
In recent years, neoadjuvant chemoradiation has been the most commonly investigated approach in the treatment of resectable EC. The recently published Chemoradiotherapy for Oesophageal Cancer Followed by Surgery Study (CROSS) is a prospective randomized controlled trial comparing surgery alone with neoadjuvant chemoradiation followed by surgery. CROSS shows a significant survival benefit for neoadjuvant treatment. Postoperative mortality was not increased in the tri-modality arm. CROSS certainly defines a new standard of care for the management of localized esophageal SCC, which consisted of weekly carboplatin plus paclitaxel combined with radiation 41.1 Gy followed by surgery. For AC, the results from CROSS are less clear than for esophageal SCC. The benefit associated with neoadjuvant chemoradiation in esophageal AC was in the same range as shown for neoadjuvant chemotherapy without radiation in some other studies [72] . Therefore, the debate whether chemotherapy alone or chemoradiation should be used as neoadjuvant treatment in localized esophageal AC is not yet over. In summery, neoadjuvant chemoradiation has proven efficacy in localized esophageal carcinoma that holds true for both common histologic subtypes.
Adjuvant Therapy
To decrease local tumor recurrence, several randomized trials compared surgery alone with surgery followed by radiation therapy. Studies enrolled a heterogeneous population, including patients with positive celiac nodes (M1a per the AJCC Cancer Staging, 6th ed.) and R1 resection [73] [74] [75] . Investigators used higher doses of radiation with different fractionation. Radiation was delivered from 6 to 12 weeks following surgery. These trials had conflicting results, with three studies failing to demonstrate any survival benefits for adjuvant radiation and one trial showing a worse survival in patients who received radiation therapy. Another trial showed improvement in quality of life in the surgery-only arm compared with the adjuvant radiation arm [76] . A small number of randomized trials evaluated postoperative chemotherapy and surgery compared with surgery alone. Pouliquen et al. [77] found no improvement in survival with postoperative chemotherapy (cisplatin/5-fluorouracil) in patients with esophageal SCC.
Definitive Chemotherapy or Concurrent Chemoradiation
Many patients with esophageal carcinoma have metastases at diagnosis, and in these patients the goal is to prolong survival and to improve quality of life. Chemotherapy or chemoradiation is effective in around 50% of these patients [78] .
Future Directions
The treatment of esophageal carcinoma remains challenging but is best approached by a multidisciplinary team. Refinement of staging techniques, including molecular staging, is needed to understand prognosis and to tailor therapy to individuals in order to achieve the best possible outcomes. Technological advances in minimally invasive surgery, endoscopic treatments and targeted agents are being investigated and will hopefully also improve
